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Introduction 1
Phylogeny has long been recognised as a major source of biological variation.
2
For instance, Gregory (1913) and Osborn (1917) considered that species' vari-3 ability should be partitioned between heritage (i.e., phylogenetic inertia) and 4 habitus (i.e., adaptation). In their well-known criticism of the adaptationist 5 paradigm, Gould and Lewontin (1979) underlined the importance of the con-6 straints imposed by the phylogeny to the variability observed among organisms.
7
In comparative studies, the effect of phylogeny has merely been perceived as 8 a source of nuisance, since it reveals non-independence among trait values ob-9 served in taxa (Dobson, 1985; Felsenstein, 1985) , and thus violates one of the 10 basic assumptions required by most statistical tools (Harvey and Pagel, 1991) . account for the non-independence among observations using a wide variety of 22 models of evolution (Hansen and Martins, 1996) . As stressed by Rohlf (2006) , 23 these approaches do not actually remove phylogenetic autocorrelation from the 24 data, but merely take it into account to provide more accurate estimates of historical and ecological processes on community assembly (Webb et al., 2002) .
34
Many biologically meaningful patterns are inherently structured with phylogeny.
35
Indeed, many life-history and ecological strategies are likely to be phylogeneti-36 cally structured (Webb et al., 2002 (Moran, 1948 (Moran, , 1950 , has been proposed for measuring phylogenetic autocor-
78
relation (Gittleman and Kot, 1990) . Adapting the former definition (Cliff and   79 Ord, 1973, p13) to the phylogenetic context, I is defined as: A c c e p t e d m a n u s c r i p t a common ancestor with taxon j at a given taxonomic level, and to 0 otherwise.
89
Hence, taxa were considered as either phylogenetically related or not. Moran's
90
I then compared the trait value of a taxon to the mean trait value in related 91 taxa to detect phylogenetic autocorrelation.
93
Such binary relationships are clearly not sufficient to model the possibly 94 complex structure of proximities among taxa induced by the phylogeny. To 95 achieve better resolution in these comparisons, we propose using as entries of
96
W any measurement of phylogenetic proximity valued in R + verifying: Moran's I is also related to autoregressive models. In their simplest form, :
where ρ is the autocorrelation coefficient, Z is a matrix of explanatory variables,
116
β is the vector of coefficients, and e is a vector of residuals. A c c e p t e d m a n u s c r i p t of taxa are not independent, but tend to be more similar in closely related taxa
143
(e.g., Figure 1A ). Most common explanations for this phenomenon are inheri-
144
tance from a common ancestor, or the conservation of ecological niches (Harvey 145 and Pagel, 1991 to be more different with respect to a given trait than randomly chosen taxa
153
(e.g., Figure 1E ). Local structures correspond to relatively recent events that Ornstein-Uhlenbeck (OU) processes. More generally, the matrix W can be de-
171
rived from any model of evolution which seems appropriate to the data, taking 172 branch lengths into account whenever these are accurately estimated, and rely- minimise and maximise, respectively, the function:
The solution to this problem is given by the diagonalisation of the matrix eigenvalues λ k , so that:
The largest eigenvalues likely correspond to a large variance and a strong posi- among tips i and j is defined as:
9
A c c e p t e d m a n u s c r i p t where P ij is the set of internal nodes on the shortest path from tips i to j, 229 and dd p is the number of direct descendants from the internal node p. The 230 phylogenetic proximity a ij defines the entries of the off-diagonal terms of W, 231 all diagonal entries being set to 0. As W is row-standardised, it is defined as:
2.4. Sensitivity study were simulated in a given dataset, these were derived from the same eigenvec-250 tor, so that we could evaluate the performance of pPCA when a 'consensus' 251 phylogenetic signal exists in a set of traits (e.g., Figure 1B ). This was consis- 
Empirical data analysis

333
Both global and local phylogenetic structures were found by pPCA in the lac- 
33
A c c e p t e d m a n u s c r i p t 9) standard deviation of the random noise added to the structured traits.
